Topological insulators (TIs) are a new quantum state of matter which have gapless surface states inside the bulk energy gap [1] [2] [3] [4] . Starting with the discovery of two dimensional TIs, the HgTebased quantum wells [5, 6] , many new topological materials have been theoretically predicted and experimentally observed. Currently known TI materials can possibly be classified into two families [7] , the HgTe family and the Bi 2 Se 3 family. The signatures found in the electronic structure of a TI also cause these materials to be excellent thermoelectric materials [8] [9] [10] . On the other hand, excellent thermoelectric materials can be also topologically trivial. Here we present a short introduction to topological insulators and thermoelectrics, and give examples of compound classes were both good thermoelectric properties and topological insulators can be found.
I. INTRODUCTION II. THERMOELECTRICS AND TOPOLOGICAL INSULATORS

A. Thermoelectrics
In principle, in thermoelectric materials a temperature gradient creates an electric potential, and thus these materials could be used as TE converters for power generation. TE converter can be used for the conversion of a part of the low-grade waste heat generated by engines, industrial furnaces, gas pipes, etc. to electricity. The performance of the TE materials is characterized by the figure of merit ZT :
where σ is the electrical conductivity, S the Seebeck coefficient and κ the thermal conductivity. A larger value of ZT means a higher energy conversion efficiency, which achieves its thermodynamic limit of the Carnot efficiency when ZT is infinite. To reach a high figure of merit, a large Seebeck coefficient, a high electrical conductivity σ, and a low thermal conductivity κ are required. Unfortunately, these parameters are connected: a high Seebeck coefficient prefers a low carrier concentration, which leads to a low electrical conductivity; the high electrical conductivity comes together with high thermal conductivity (κ e ). As shown in figure 2 , the maximum ZT of bulk Bi 2 Te 3 lies in an optimal region where the carrier density is between a semiconductor and a metal. High performance TE materials are are typically heavily doped semiconductors to give metallic bulk conductivity. To increase the electrical conductivity, narrow band-gap materials with high mobilities are a natural choice. In these materials, the energy gap can be tuned (e.g. by chemical compositions) to optimize the TE performance. To reduce the thermal conductivity, elements with large atomic mass are favored. Besides changing these intrinsic properties, other approaches are also employed to reduce the thermal conductivity [12] . For examples, introducing grain boundaries and forming alloys can dramatically enhance the phonon scattering.
B. Topological Insulators
TIs can occur in 2-and 3-dimensional materials ( Fig. 1 a,b) . The 2D TI has wire-like metallic edge states, in which counter-propagating electrons have opposite spin. A 3D TI has surface states around the entire material, usually forming a single or an odd number of Dirac cones. In the bulk however, TIs are usually narrow gap semiconductors. It is possible to distinct regular semiconductors such as Si, which do not possess such edge or surface states, from TIs by the topology of their band structure. The condition of a material to be a TI is an odd number of BIs in the bulk due to relativistic effects, especially SOC. Just as a Möbius strip is different from a regular strip of paper in its topology ( Fig. 1 c) , TIs are distinct from regular semiconductors and insulators due to the topology of their band structures [13] [14] [15] [16] [17] [18] .
Important for the discussion above is the conservation of time reversal symmetry (TRS).
Here TRS means that there are no external magnetic fields, magnetic moments and magnetic impurities in the system. The interface state of a TI is inherently robust against nonmagnetic impurities and surface disorders, distinguished from normal surface states such as dangling bonds. In a TI, the forward-and backward-moving topological edge states are a pair of time reversal conjugates, i.e. Θ |↑, k = |↓, −k with Θ beeing the time reversal operator, and therefore have opposite spin orientation. In this way, an electron cannot be scattered from a forward-moving state into a backward-moving one without reversing its spin. Hence backscattering is suppressed under TRS due to this spin-momentum locking.
C. Electronic structure of topological insulators
The necessary condition for a compound to be a TI is an odd number of band inversions (BIs) between conduction and valence bands [9] . This BI is due to relativistic effects such as SOC, which can be enhanced by substituting light elements with heavier elements from the same group. As illustrated in Fig. 3 , the conduction and valence bands get inverted and cross each other when SOC is strong enough. A new energy gap emerges at the crossing points due to SOC, called band anti-crossing. If this type of BI happens odd times in the whole Brillouin zone, a TI forms. It is known that strong SOC leads to spin split states on the surface due to the Rashba-effect. (see Fig. 3 (d) ). However, the topological surface states are different in topology from regular Rashba-split states. The former connects the conduction and valence bands, and can not be gapped away. In contrast, the latter is only related to the conduction or valence bands, and can be deformed smoothly into the bulk bands, equivalent to a fully gapped band structure. the QW should behave more like HgTe with inverted bands, forming a 2D TI. Soon after the theoretical prediction, the 2D TI was observed experimentally in HgTe quantum wells [6] .
Both HgTe and CdTe crystallize in the zinc-blende structure (Fig. 4a) , which is a relative of the diamond structure. On the other hand, simple rocksalt compounds formed by Pu and Am (Fig. 4b ) lie on the boundary between metals and insulators, where the 5f electrons change character from itinerant to localized. In comparison to standard TIs such as Bi 2 Te 3
and HgTe, the actinide compounds have stronger three-dimensional ionic bonds. A single Dirac cone at Γ point of e.g. AmN shows up in the energy gap, which demonstrates the nontrivial nature of the materials [19] .
B. Heusler compounds
As analogs of HgTe, Heusler compounds are one of the most versatile class of compounds [20] . They are named after their discoverer Fritz Heusler [21, 22] , and up to now this class of materials includes more than 1500 different compounds. Semiconducting behavior is mainly found in the subclass of the half-Heusler (XYZ ) compounds. A half-Heusler material XYZ is a compound consisting of a covalent and an ionic part: The X and Y atoms have a distinct cationic character, whereas Z can be seen as the anionic counterpart.
The most electropositive element (usually a main group element, a transition metal or a rare earth element) is placed at the beginning of the formula. The most electronegative element is a main group element from the second half of the periodic table. Figure 5 shows the element distribution of X, Y and Z within the periodic table. ) form the ionic NaCl-type substructure, while the atoms on 4a and 4c ( are electronically related to the binary semiconductors (see Fig. 6 ). Due to such similarity, the mechanisms responsible for the driving the system into a certain topological class, are the same for the zinc-blende as well as for the C1 b Heusler compounds. The band inversion at the Γ point, which drives these materials into trivial or non-trivial topological class, solely depends on the interplay of two competing mechanisms.
First is the orbital sp-hybridization, which opens a real band gap between s-like state of Γ 6 -symmetry shifted into the unoccupied region and the p-state containing Γ 8 -symmetric representation, which is partially occupied and thus degenerated at the Fermi energy. The second mechanism is the spin-orbit coupling, which splits the p-shell of the main-group element (e. g. Se, Te, Bi) into the higher p 3/2 (Γ 8 -symmetric) and lower-energy p 1/2 bands.
If the spin-orbit coupling is strong enough, the s-like band pops inside this energy gap and gets occupied. This causes the desired band inversion.
The diversity of Heusler materials opens wide possibilities to tune the band inversion by choosing compounds with appropriate hybridization strength (by lattice parameter) and the magnitude of spin-orbit coupling (by the nuclear charge number
N is the number of atoms in the unit cell) as shown in Fig. 7 can be achieved by introducing strain to the bulk to break the cubic symmetry. This was ever successfully demonstrated in the bulk HgTe with the in-plane strain [39] .
C. Honeycomb compounds
There is a group of ternary materials that can be view as a honeycomb version of the p-type materials. These compounds can easily be doped with other elements, and thus the band structure can be changed. For NiTi(Sn,Sb) materials, power factors (S 2 σ) up to 70 µW/cmK 2 at 650 K can be reached [44] . Nevertheless due to the comparatively high d -and f -bands invert at the Γ-point, which results in an semimetal due to cubic symmetry, similar to HgTe and the Heusler compounds (See Fig. 9 
IV. THE BI 2 SE 3 FAMILY OF COMPOUNDS
The first 3D TI discovered was Sb doped Bi [58] .Shortly after this discovery however, Bi 2 Se 3 , Bi 2 Te 3 and Sb 2 Te 3 were found to be TIs with a much simpler electronic structure [59] [60] [61] . Today the Bi-Te-Sb family is considered to be the prototype family of 3D TIs.
Many compounds with related structures have been proposed and identified as 3D TIs, however most of the attention is focused the Bi 2 Se 3 class of compounds. The layered semiconductors, TlBiTe 2 and TlBiSe 2 , were first theoretically predicted [62] to be TIs and soon observed in experiments [63] [64] [65] . Very recently a systematic study of related structures such as Bi 2 Te 3 has been known to be an excellent thermoelectric compound for quite some time and is routinely used in devices. The crystal structure consists of quintuple layers composed of Bi and the chalcogenide which are layers of edge-sharing SeBi 6 octahedra (see Fig. 11 (a) ).
All compounds within this family are small band gap semiconductors due small differences in electronegativity and SOC. Because of the heavy atoms, phonon-scattering and relativistic effects are greatly enhanced in this family favoring both thermoelectric and topological properties. The small band gaps of the order of 0.3 eV result in higher Seebeck coefficients and good power factors and allow the study of the surface states at elevated temperatures.
In this class of compounds, the inversion occurs between the the Bi-p z and chalcogenide Bip z bands of different parity, resulting in a single Dirac cone on the surface [59] . In contrast to compounds used in thermoelectrics, single crystals with control over the charge carrier density are needed to study the topological effects. In Bi 2 Se 3 and Bi 2 Te 3 however, the defect chemistry is rather hard to control: Bi 2 Se 3 is n-doped due to charged Se vacancies, whereas Bi 2 Te 3 can be n-or p-doped due to antiside defects [71] [75] have been grown, which exhibits better bulk-insulating properties, making it possible to study the transport of surface states without the influences of the bulk. Therefore it is not a coincidence that most topological insulators are also good thermoelectric materials. All topological insulators exhibit excellent thermoelectric properties, but on the other hand many thermoelectrics are topologically trivial. For example, PbTe is known to be a good thermoelectric material, however it is not a topological insulator [76] . The band inversion of the s-and p-states takes place on the L point, which appears four times in the reciprocal space, so there is an even number of BIs. Although the understanding of the direct theory behind this relationship of topological insulators and thermoelectric materials is incomplete, the correlation between them should guide the discovery of new topological insulators and thermoelectrics. On the other hand, the topological states [77, 78] may be a new quantity to optimize the figure of merit ZT and realize high performance thermoelectric devices.
